The methyl esters of free mycolic acids from representative strains of Nocardia asteroides, N . brasiliensis, N . caviae and the 'rhodochrous ' complex were subjected to detailed mass spectral analysis. The anhydromycolic esters of the Nocardia strains consisted of homologous series containing from zero to three double bonds, with the main components of the parent mycolic acids centred on C52 to CS4 (range c 4 6 to C5*). The anhydromycolates from one rhodochrous strain, Nocardia opaca, had a molecular weight range similar to the nocardiae ( c 4 6 to C6,) but the remaining rhodochrous strains gave an homologous series of anhydromycolates containing from zero to two double bonds, with the main components of the parent mycolic acids centred on Ga, Cg2, C , or Cq6 (total range from CS4 to C5,,).
INTRODUCTION
There is much numerical taxonomic evidence to show that the 'rhodochrous' complex is a recognizable, if heterogeneous, taxon equivalent in rank to the genera Nocardia and Mycobacterium (Bradley, I 971 ; Goodfellow, 1971 ; Goodfellow, Fleming & Sackin, 1972; Goodfellow et al. 1974; Tsukamura, 1971 ; 1973; 1974) . In a co-operative study (Goodfellow et al. I 974, carried out under the auspices of the International Working Group on Mycobacterial Taxonomy, the numerical findings were supported by serological and chemical data collected independently. Nevertheless, few good characters are available for the classification of nocardiae, mycobacteria and rhodochrous strains and additional criteria are also needed for their identification. Recently, rhodochrous strains have been found to be markedly more susceptible than nocardiae to antibiotics and antimicrobial agents, and some antibiotic characters were weighted for their identification (Goodfellow & Orchard, I 974). There is some evidence that nocardiae, mycobacteria and rhodochrous strains can be distinguished from one another by the type of mycolic acids they contain (Mordarska, Mordarski & Goodfellow, I 972 ; Goodfellow et al. 1973 ; Minnikin, Patel & Goodfellow, I 
974).
Mycolic acids are long-chain 3-hydroxy fatty acids with a long-alkyl chain in the 2-position (Asselineau, 1966) . They are components of the cell envelopes of corynebacteria of Mycolic acids of nocardioform bacteria 189 animal origin, nocardiae, mycobacteria and rhodochrous strains. Mycolic acids from nocardioform bacteria correspond to the general structural formula ( I , R = €€) :
(I) 0 < r + s + t + u < 4 m, n, 0, p, q all > I.
Mycolic acids are useful for the identification of true nocardiae, true corynebacteria and mycobacteria. Pyrolysis of methyl esters of mycolic acids leads to the release of straightchain esters which may be analysed by gas chromatography (Etbmadi, 1967 Lechevalier, Lechevalier & Horan, 1973) . A similar distinction can be effected by precipitating the mycolic acids of mycobacteria from solution in ether by the addition of an equal volume of ethanol; mycolic acids of nocardiae and rhodochrous strains remain in solution (Kanetsuna & Bartoli, 1972) .
A lipid characteristic for Nocardia (LCN-A) can be detected in thin-layer chromatography analysis of ethanol-diethyl ether (I : I) extracts of nocardiae and rhodochrous strains. The LCN-A spot from these organisms has the distinctive property of being immobile when thin-layer chromatograms are redeveloped in methanol. Preliminary studies on a strain of Nocardia caviae and a representative of the 'rhodochrous' complex showed that the LCN-A lipids in extracts of these bacteria were free mycolic acids (Goodfellow et al. 1973) . Mass spectral analysis of the methyl esters of free mycolic acids from these strains showed that the acids from the rhodochrous strain were significantly smaller (34 to 46 carbon atoms) than those from N. caviae (48 to 56 carbons) (Minnikin et al. 1974 ). These observations suggested that the mycolic acids from rhodochrous strains might have lower molecular weights than the true nocardomycolic acids. This report contains the detailed results of Mycolic acids of nocardioform bacteria 1 9 1 described above. The crude mycolic acids were esterified in a draught chamber with a solution in ether of diazomethane and left for 20 min. I M-Sulphuric acid was added to the solution, which was then shaken gently until the evolution of nitrogen ceased. The ether-based layer was washed with water and taken to dryness. Methyl esters of the mycolic acids were purified by preparative t.1.c. using the system employed for the free acids. Mass spectrometry. Mass spectra of the purified mycolic esters were taken on an AEI MSg instrument using a direct insertion probe, an ionizing voltage of 70 eV and a temperature range of 180 to 240 "C.
Partial mass spectra of the methyl esters of the free mycolic acids of all the strains listed in Table I 
RESULTS
Partial mass spectra of the methyl esters of the free mycolic acids from representative Nocardia and rhodochrous strains are shown in Figs. I and 2. Methyl mycolates ( I , R = CH,) from nocardioform bacteria produce a characteristic fragmentation pattern on mass spectrometry (Maurice, Vacheron & Michel, 1971; Minnikin et al. 1974) which is summarized in the following scheme:
Cleavage corresponding to a and a' involves net transfer of the hydroxyl hydrogen atom to carbon 2 to produce an aldehyde and straight-chain ester. The fragments due to cleavage b complement those at a and allow the mass of the side-chain in the 2-position (R,) to be calculated. The highest peaks in the mass spectra of methyl mycolates correspond to anhydromycolates formed by elimination of water from the parent molecule.
Peaks in the mass spectra at mle 214,242,270 and 298 correspond to straight-chain esters ; the fragments at m/e 243,271,299 and 327 (cleavage b) codirm the presence of side-chains (Rl) having the overall composition C10H21, ClBH%, ClpHas, C16H,. The nature of the side-chains derived from analyses of the mass spectra of the mycolic esters studied are summarized in Table 2 .
The mass spectra of the mycolic esters from Nocardia strains (e.g. N. asteroides, Fig. I) contained a series of peaks in the range m/e 682 to 854 corresponding to anhydromycolates. The highest range of peaks (mle 516 to 740) in the spectra of the rhodochrous strains were also attributable to anhydromycolates (Fig. 2) . Tables 3 and 4 summarize the range of molecular weights and the degree of unsaturation of the anhydromycolates from the Nocardia and rhodochrous strains, respectively.
The mass spectral fragmentation pattern for the mycolates of nocardioform bacteria outlined above, indicated that the homologous series of peaks corresponding to aldehydes (cleavage a') should be observed in the mass spectra of all the mycolic esters studied (Maurice et al. Minnikin et al. 1974) . In some cases (e.g. corresponding to aldehydes were clearly observed but in others (e.g. Fig. 2 , m/e 334 to 434) the intensities of such peaks were not significantly greater than the general background of the mass spectrum. The series of peaks corresponding to anhydromycolates, straight-chain esters (cleavage a) and other fragments (cleavage b) were, however, very reproducible. The peaks corresponding to aldehydes, when they do occur in a mass spectrum, confirm the assignment of the other major series of fragments; the sum of the mass of the particular straight-chain ester released (e.g. 214, 242, 270 or 298) and the aldehyde fragments should equal the sum of the anhydromycolate fragments plus the elements of water (18 mass units).
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Because of the unreliability of the occurrence of the aldehyde fragments, the data for these are not considered in detail in this study.
DISCUSSION
Mass spectrometry of methyl esters of mycolic acids provides information on the nature of the long chain in the 2-position of these esters ( (1971, 1973) and also confirm the mass spectroscopic studies on the mycolates of N. asteroides (~105) (Bordet & Michel, 1969 )~ and Mycobacterium rhodochrous (~5 4 ) and N. corallina (~6 1 ) (Azuma et al. 1974) . A c 1 6 ester was the major pyrolysis product from the mycolates of the nocardiae and of rhodochrous strains classified in subgroups 14A, 14B and 14E, but a C, , ester characterized the rhodochrous strains from subgroup 14D, while subgroup 14C strains released either the shorter or the longer carbon ester as the major product on mass spectrometry of mycolates ( Table 2 ). None of the rhodochrous strains released a C,, ester (see also Lechevalier et al. 1973).
The anhydromycolic esters of the Nocardia strains consist of homologous series containing from zero to three double bonds with the main components of the parent mycolic acids centred on C52 to CS4 (range CM to C5,). The anhydromycolates from one of the rhodochrous strains, N. opaca (~1 2 4 )~ had a molecular weight similar to the nocardiae @able 3). The mycolic esters from the remaining rhodochrous strains (Table 4) gave homologous series of anhydromycolates containing from zero to two double bonds, with the main components of the parent mycolic acids centred on &, C42, CU or c 4 6 (range G4 to Cso). While the chain lengths of the mycolic esters from the nocardiae are all similar, those from the rhodochrous strains are subject to some variation but still exhibit a consistent pattern within each subgroup.
The strains representing subgroups I@ and 10 produced mycolates ranging from Cm to Cw (major components C42, CM or c46). Nocardiapellegrino (~325) was unusual in having only saturated components. The cultures from subgroup 14C produced mycolates with similar numbers of carbon atoms although those from one rhodochrous strain (~5 ) appeared to have a slightly shorter chain length. However, all subgroup 14D strains produced mycolates with shorter chain lengths (major components Gay C40 and C43. Nocardia opaca ( N I~) which is a representative of the less well-defined subgroup 14E (Goodfellow, 1971 )~ had a chain length similar to the Nocardia strains, and produced mycolates which were much more unsaturated than those of the nocardiae. With this single exception, the chain lengths of all the rhodochrous strains (G4 to Cso) were consistently and significantly lower than those of the true nocardiae ( c 4 6 to C58).
The chain lengths of the free mycolic acids isolated from the Nocardia strains are similar to those obtained by other investigators. Nocardomycolic acids isolated from N. astercrides ~~~~9 9 6 9 (~105) ranged from c 4 6 to C5, (Bordet et al. 1965 ; Bordet & Michel, 1969) and from other N. ateroides strains from Cso to Css (Ioneda, Lederer & Rozanis, 1970) . Jones, 1975 ) and indeed our results show that many rhodochrous strains can be distinguished from true nowdiae and corynebacteria by having mycolic acids centred around CM. These data strengthen the case for considering the 'rhodochrous' complex as a taxon equivalent in rank to the genera Nocardia and Corynebacterium. The internal structure of the 'rhodochrous' complex is emerging, and it is apparent that several centres of variation exist (Bradley, 1971; Goodfellow, 1971; Goodfellow et al. 1974; Tsukamura, 1973 Tsukamura, , 1974 . It seems possible that rhodochrous strains which exhibit mycolic esters with different chain lengths may be classified in Merent subgroups. Thus while rhodochrous strains in one of the three homogeneous subgroups (Goodfellow, 1971) contain mycolic acids centred around CM, another rhodochrous strain (N. opaca ~124) from a fourth subgroup contained mycolic acids of a similar size to those of true nocardiae. It may also be sigmficant that strains from one of the three rhodochrous subgroups re- 1974) . The discovery that the mycolic acids of many rhodochrous strains have a lower molecular weight range than those of the major acids from N. asteroides, N. brasiliensis and N. caviae probably explains the different mobilities of the respective LCN-A spots. However, both types of LCN-A spots are soluble in ethanol-diethyl ether (I:I), whereas the free mycolic acids from mycobacteria have a higher molecular range (70 to go carbon atoms) and can be extracted with chloroform but are relatively insoluble in ethanol-diethyl ether mixtures.
